The increasing use of prolonged Na restriction in the treatment of cardiovascular diseases in particular, makes study of long-term Na balance pertinent. With diets which contain 2 to 7 mEq. Na per day, combined urine and stool losses average 1 to 5 mEq. Na per day (1, 2). Therefore, over an extended period the loss of electrolyte through the skin might assume importance. Only two earlier studies were found relative to electrolyte losses of the entire skin, both after shortterm Na restriction, namely 3 (3) and 14 (4) days.
The increasing use of prolonged Na restriction in the treatment of cardiovascular diseases in particular, makes study of long-term Na balance pertinent. With diets which contain 2 to 7 mEq. Na per day, combined urine and stool losses average 1 to 5 mEq. Na per day (1, 2) . Therefore, over an extended period the loss of electrolyte through the skin might assume importance. Only two earlier studies were found relative to electrolyte losses of the entire skin, both after shortterm Na restriction, namely 3 (3) and 14 (4) days.
The data from Benedict's classical study (5) of an individual who fasted for one month have relevance to any work on the physiological response to dietary restriction, but the metabolic effects of starvation are not directly applicable to those effected by limitation of only two dietary components-namely sodium and chloride.
For almost seven years the authors of the present paper have been using a diet which contains about 6 mEq. Na per day in the study and treatment of patients with essential hypertension. On such a regimen combined urine and stool losses average 2 to 5 mEq. Na per day, and since no evidence of hyponatremia had been found in the absence of serious renal disease, it was reasonable to suppose that the patients were in Na balance. The current study was undertaken to quantitate the actual skin losses of several electrolytes on seven subjects who had been on the low Na regimen for one to five months, during two collection periods of 7 and 3 days. Although interest was centered primarily on Na, Cl and K were measured as well.
MATERIAL
The seven white adult subjects had been admitted to the metabolic wards of the Brookhaven National Laboratory Hospital for studies relative to the hypertension 1 This research was sponsored by the Atomic Energy
Commission.
research program. The pertinent clinical and laboratory data on these patients are summarized in Table I . It will be seen that five of the patients, all females, had classical uncomplicated benign hypertension. In two (Di, Jo), the blood pressure had attained near-normal levels by the end of the six-weec control period and be- 8 Restriction of Na to this amount allowed 45 to 55 grams of protein per day in the food; the intake was therefore supplemented with the low Na protein foods Lesofac®' or Lonalac® in amounts sufficient to give a total of 1.5 grams protein per Kg. body weight per day. K and Cl were not included in the daily calculations and therefore their amounts were primarily dependent upon the limitations imposed by the low Na. Analysis of the 2During the period of control, 10 gm. of enteric coated NaCl had been taken by each patient daily in addition to this basic diet. 8These analyses were carried out at various times during the year preceding this experiment Recently, after the completion of this study, analyses were done on six seven-day collections which were made during the period of June 6 to 28. The average value was 4.6 mEq. Na per day (range 4.3 -4.7). The electrolyte content of vegetables will vary with the content in the soil in which grown (6) and the source of supply will of course vary with the season. Because the previous analyses were done over a longer period, it is believed that they are more representative of the average intake, and in this study the value of 6 mEq. per day has been assumed. 
Experimental periods
Collections were made during two periods of seven and three days, the end of the first and start of the second being separated by eleven days. Until completion of each of the experimental periods, none of the garments were removed except the shoes at night. The patients were instructed as follows: 1. The hands and face could be washed as necessary with tap water and a 1: 500 solution of Brij 35; 2. After each bowel movement, and urination in the females, the perineal urea was to be washed with Brij 35 and rinsed with distilled water; 3. No beauty aids, deodorants, or other toilet preparations could be applied; 4. Normal activities could be maintained including outdoor strolls and occupational therapy projects providing no frank sodium contamination was involved (e.g., clay modeling or washing clothes with soap or high-sodium detergents was not allowed); 5. Vigorous exercise was to be avoided. The patients were highly cooperative and individually interested in these studies and it is believed maximal attempts were made to live up to these stipulations.
Ward temperatures were maintained at 72 to 740 F.
during the day and from 65 to 68°at night. After the 5Donated by the Atlas Powder Co., kindness of S. J. Dumovich. studies were completed, it was found that the average maximal daily temperatures outside averaged 50.70 F. and 62.60 F. during the seven and three-day studies, respectively.
Collection of samples (a) Bath water. At the end of each experimental period, the perineal area was washed as described previously and washings discarded. Thereafter the washing procedure was carried out under direct supervision by one of the authors or a thoroughly trained nurse. The outer garments including foot gear, sox, turbans, shirts and pants were removed and not used in the subsequent analyses. Before removing the underwear, the face, neck, hands and feet were washed with Brij solution, rinsed with distilled water, and the washings discarded; it had been decided previously that contamination of these areas during the studies could not be prevented and therefore they were eliminated from the calculations. The underwear was then removed and placed in a clean wax bag. For collection of bath washings, a chemically clean stainless steel tub slightly over two feet in all diameters was provided, with a special drain from which all wash fluid went directly into collecting bottles. Using sponge bath technique, each patient washed the entire body including scalp with the Brij solution and a wash rag previously extracted in the manner used for underwear. Three complete rinses with distilled water followed after which the patient methodically wiped the inside of the tub with the wash rag which was then placed in the bag with the underwear. The empty tub was thoroughly rinsed with 0.1 N H2SO, followed by distilled water, and these rinses added to the bath water. After mixing, the total volume was measured and for the group averaged 4.7 liters. Two hundred ml. aliquots were preserved with 1 ml. of concentrated H2SO4.
(b) Extraction of underwear and wash rags. These items were treated individually by an initial extraction with Brij solution, then three extractions with 0.1 N H2SO at which time the washings uniformly had not more than 0.04 mEq. Na per liter and no K, tested in the same fashion as before. All of these extracting solutions for each patient were pooled, the volume measured, and analyzed separately from the bath water so that if widely disparate results in the analysis of bath and extracting solutions had occurred, evidence of contamination would have been suggested. 
OBSERVATIONS
The primary data on skin and urine losses of Na, K, and Cl are shown in Table II .
Sodium-Skin
It may be seen that despite variation within the group, daily loss of Na from the skin in all individuals was low, ranging from 0.09 to 2.59 mEq.
(line 12) but with the majority about 0.5 to 1.5 mEq. per day. The to-day fluctuation in the urinary excretion of Na in patients maintained on a constant low Na intake. The normal control did not differ from the five patients with essential hypertension in her ability to conserve Na on a restricted intake. Patient Os, with serious renal disease, excreted an average of 10 and 22 rnEq. per day in these two experiments. It may be recalled that this patient was shown to lose phenomenally small amounts of Na from the skin-considerably less than the six subjects with good renal function. By contrast, patient Ke, who had the largest skin loss of Na, had the smallest urinary loss (1.07 and 0.77 mEq. per day).
Potassium-Skin
In general, the findings paralleled closely those described above for Na. Potassium loss was only slightly greater than that of Na with a range of 0.08 to 2.69 mEq. per day (line 20) in the group. The five patients with essential hypertension averaged 1.1 and 1.9 mEq. per day, the normal control 0.42 and 0.79 mEq. per day, and patient Os 0.08 and 0.23 mEq. per day with the seven and three-day experiments, respectively. Thus, ranked by absolute daily losses, the seven members were distributed in the same order found for Na loss in skin. And again, patient Ke had the greatest loss in both experiments, as patient Os had the least.
Potassium-Urine
The K intake of 30 to 100 mEq. per day is reflected in the large urinary excretions shown in lines 21-22 and did not appear to be correlated with the condition of individual patients.
Chloride-Skin
The previously described low values for Na and K skin loss were imitated by those for Cl in that only 0.29 to 1.71 mEq. per day were measured (line 28). The five patients with essential hypertension were grouped closely about an average of 0.8 and 1.4 mEq. per day with the control slightly lower (0.47 and 0.91 mEq.) and patient Os, lowest, with 0.29 and 0.63 mEq. per day.
Chloride-Urine
Except for the three-day period with patient Os, excretion was from 6.20 to 12.57 
FIG. 1. RATIOS OF CONCENTRATIONS OF DAILY ELECTROLYTE
Loss FROM SKIN Since the data are plotted logarithmically, constant ratios will be on parallel straight lines. Points below any line will have lower ratios than that indicated by the line, and points above a line, higher ratios. Graph A = Na/K, Graph B = Na/Cl, Graph C-.Na+ K and Graph D = K The two numerical ratios, shown in Graph B, are the ranges quoted by Robinson (14) for normal sweat values.
Balance data
In Table III , balance calculations for Na and Cl on this group have been made using stool excretion data from previous similar experiments (1, 2) . Because of the wide variations possible in intake, balance calculations were not made for K. It will be seen that all of the patients were in approximate Na balance with the exception of patient Os, and the three-day period in patient Di, whose long-term balance was positive as indicated by urinary excretion and plasma Na. The negative balance of Os will be noted under COR-RELATIONS and requires no amplification. The intake data for chloride are less reliable than those for Na since Cl intake was dependent solely upon the limitation imposed by the Na restriction. Although several patients show slight negative balances for these short-term studies, with the ex- (14) for normal individuals was diminished to levels of roughly 0.01 to 0.1 mEq. per hour in these patients. There are very few previous studies with which the present data may be compared, since interest has centered largely on the electrolyte losses associated with sweating after exercise or exposure to heat (e.g., 12, 15, 16, 17) . In this group, neither of these factors was important since gross sweating did not occur. Indeed, it is questionable whether the quantities measured here represent the electrolytes of sweat or those salts which came through the skin in association with insensible perspiration as well as from desquamated epithelial cells and sebaceous secretion Na (18) . As noted under CORRELATIONS, the -K and N ratios, at least, are more suggestive of sweat ratios than diffusion products. But, whether the loss of electrolytes came chiefly from unnoticed perspiration, or via so-called insensible perspiration, it is evident that such loss is low, and except for Benedict's fasting patient (5) , generally lower than previously reported (3, 4, 18) . It seems fair to conclude, then, that at least in the absence of marked sweating, skin losses of these electrolytes on this regimen may usually be disregarded, even after considerable periods of restriction.
It is of interest that the absolute amounts of electrolytes washed from the skin in both experiments were very similar in any single individual; when calculated on a per diem basis, the losses of the three-day experiment of course exceeded those in the seven-day study. There is evidence that with rise in skin temperature more chloride is excreted in the sweat at least (19) ; since skin temperature is partly a function of the ambient temperature, it is possible that the mean increase of 120 in maximal outside temperatures accounted for the larger daily excretion of electrolytes in the shorter experiment, either as the result of unnoticed sweat in small amounts or by diffusion with insensible perspiration (18) . Another intriguing possibility, however, is that the electrolytes were reabsorbed through the intact skin by a process the reverse of that which occurs when the electrolytes diffuse outwards during insensible perspiration.
Several preliminary experiments which were done with Na2' to test this conjecture indicated quite clearly that sodium could be absorbed through intact skin. If this is true for Na, it may be true for other electrolytes as well. No evidence is available to indicate whether such absorption occurred via the sweat glands or directly through the skin. From this, however, the thesis emerges that in the absence of frank sweating at some dermal concentration of electrolyte, which concentration may vary perhaps with both body location and individual, reabsorption would begin and continue until the excess electrolyte was removed.
SUMMARY
1. The loss of Na, K, and Cl from the skin has been measured in seven patients-six hypertensives and one normal-all of whom had been on a low Na, low Cl, normal K diet for periods ranging from 26 to 150 days when the experiments began.
2. The measured losses amounted to 0.09 to 2.59 mEq. per day, 0.08 to 2.69 mEq. per day, and 0.29 to 1.71 mEq. per day for Na, K, and Cl, respectively.
3. Among the seven patients the one with malignant hypertension lost the smallest amounts of these electrolytes from the skin; the normal control had values roughly mid-way between the extremely low values of that patient and the greater losses of the five patients with essential hypertension. 4 . The data indicate that despite the rigid dietary restrictions, electrolyte balance was possible among the six members with good renal function.
5. The skin washings for the seven and threeday periods contained very similar amounts of electrolytes. Therefore, it was proposed that at some unknown concentration on the skin surface, reabsorption of electrolyte might begin and continue until the usual situation had been reestablished.
